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Abstract 
 
 
This dissertation was written as a part of the MSc in Energy Building Design at the 
International Hellenic University. This study deals with the impact of varying envelope 
materials and consequently of occupant’s thermal conditions. The examined building 
is a single family apartment with three members located on two different cities: 
Heraklion, Crete and Florina. The scope of this research is to evaluate various wall 
configurations, as well passive techniques, which are described deeply in section 4.2. 
Hence, the dynamic simulation tool, which is used is Energy Plus (version 8.8) taking 
into account the following standards: ASHRAE Standard 55-2013 , EN ISO 7730 
Ergonomics of the thermal environment & prEN 15251 – Indoor environmental input 
parameters for design and assessment of energy performance of buildings . A challenge 
of the present study is that the apartment should cope with not only for Florina but also 
for Crete, with respect to energy efficiency and thermal comfort criteria. Beyond that, 
further investigation is carried out, based on the potential of using different thermostats, 
as well as on extensive information concerning thermal conditions in each room of the 
house. Thereafter, some inferences of all examined scenarios are presented, which 
makes apparent the impact of material’s effect on the overall building efficiency, the 
indoor condition of the apartment and the most proper proposal, based also on economic 
factors, are depicted analytically in sections 6 and 7. Additionally, in last chapter is 
pointed out the possibility of future work.  
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1. Introduction 
 
      Nowadays where the demand of energy and electricity consumption is in high 
levels, people are used to mechanical techniques in order to reach their desired personal 
thermal comfort conditions. Therefore, unluckily this can lead to a huge consumption 
of fossil fuels which can have an impact on climate change, meaning different weather 
conditions.  
    Although it is undoubtedly important to provide a pleasant environment in a space, 
is also vital to move a step forward and so lean towards to a more sustainable way of 
thinking. Thus, this study aims to examine various wall configurations, as well passive 
techniques both for heating and cooling, in different locations in Greece with respect to 
environment. [2], [4] 
 
1.1 Structure of the study 
 
The first chapter draws attention to the significance of thermal comfort and how it is 
directly connected to building’s energy efficiency and so to the building shell. 
Moreover some benefits of the energy return of various envelope materials are 
represented which can have an impact on interior ambient and so to the occupant’s 
thermic convenience. Also, the global growing trend is described as far as concerns 
building energy consumption intending to the attainment of a thermal condition for 
building users. In the end of first chapter some most usual building skins in Greece are 
shown. 
The second chapter concerns the goal of this study, the challenges that should face and 
also the most apparent research questions that came into view. 
In hindsight, a literature review is analyzed in the third section, which focuses on the 
main features and weak points of each paper and how it can be linked to the existing 
study.  
[9] 
The fourth chapter describes all the relevant and needed information regarding the 
building, the location, the various materials used for the envelope construction as well 
as their properties. 
In the next section, the process of simulation using Energy Plus is depicted and cites all 
the vital settings for inputs as well as for outputs, in section 5, needed for a correct 
simulation. 
The sixth section concerns the results of simulation that came into view taking into 
consideration different building envelopes and later further analysis is carried out 
related to the use of different thermostats and also use of various positions within the 
thermal zone. 
The latter chapter summarizes the outcomes of this study giving emphasis on the effect 
of occupant’s thermal comfort and also states potential future work. 
 
 
1.2 General Background 
 
 Thermal comfort is one of the main issues of concern worldwide and during last decade 
there have been many comfort assessments, indicating the research interest to this field. 
This can be justified by the influence of comfort on health, productivity and well – 
being.  
On practical point of view, thermal comfort can be described by means of the following 
three approaches [17]: 
 The physiological approach, which indicates thermal perception of a human due 
to nervous sensors. When cold and warm sensors have equal magnitudes, the 
human will feel thermally neutral. 
 Psychological approach, which is stated on ASHRAE Standard 55, constitutes 
the condition of mind which expresses satisfaction with the existing 
environment. 
 Rational approach, which points out that thermal sensation relies on the heat 
balance of the human body. 
[10] 
It goes without saying that it makes up a considerably crucial rule of human’s daily life 
both in outdoor environments as well as in indoor spaces.  
Therefore, it also constitutes a subjective size of buildings physics. For this reason, 
there have been developed some evaluation models, the adaptive approach concept and 
the PMV-PPD model so that there will be attainment of the most optimum conditions 
of thermal comfort. The first one, which is appropriate for naturally ventilated 
buildings, attempts to manage a right combination between indoor design temperatures 
or acceptable temperature ranges and outdoor meteorological parameters.  
 
Graph 1: Determining the acceptable operative temperature ranges for naturally 
conditioned spaces.  Reference number 1: ASHRAE Standard 55-2013. 
 
While PMV- PPD method, which is established by Fanger, is constituted by predicted 
mean vote and predicted percentage of dissatisfied indices and is based on occupant’s 
thermal balance. This can be affected by occupant’s activity, clothing and also other 
environmental parameters, ignoring though climatic factors. And so, PPM index can be 
predicted by estimating the mentioned above factors. 
[11] 
 
Graph 2: Graphic Zone Method: Determining thermal comfort conditions of 80% of the 
occupants with the use of specific deign compliance requirements. Reference number 
2 :  (Taleghani et al., 2013)   
Consequently, are taken into account the following standards: Thermal Environmental 
Conditions For Human Occupancy ASHRAE Standard 55-2013 , EN ISO 7730 
Ergonomics of the thermal environment – Analytical determination and interpretation 
of thermal comfort using calculation of the PMV and PPD indices and local thermal 
comfort criteria & prEN 15251 – Indoor environmental input parameters for design and 
assessment of energy performance of buildings- addressing indoor air quality, thermal 
environment , lighting and acoustics.  
   The first standard concerns the most optimum indoor thermal environmental factors 
which have to be in acceptable levels for the majority of occupants based on personal 
preferences and suggests methods for determining thermal environmental conditions 
such as adaptive model & PMV – PPD model. Also, the target of prEN 15251 standard 
is to indicate some environmental input parameters in order to make calculations 
regarding building system design and energy performance. Concerning the ISO 7730 
international standard states more analytical ways to predict thermal comfort by using 
PMV – PPD method and some other local thermal comfort requirements. 
  So, it is obvious that thermic comfort can contribute to a significant extent to 
building’s energy saving and this can lead to a proper operation of both heating as well 
cooling systems. However, there are some parameters which can influence negatively 
this thermal condition, such as the indoor air temperature, the levels of indoor relative 
[12] 
humidity, the airflow inside a space, the average radiant temperature, the clothing 
insulation of the occupants and also the metabolic rate.  
   Hence, in the last decades, solutions for the decrease of this problem are used more 
intensively. These can be wall and roof thermal insulation, low-e coatings, shading 
devices, passive systems of direct or even indirect solar gain.  
It is inferred though that the right choice of measures should be based mainly on the 
features of the building envelope, the HVAC systems and also the operational 
characteristics of a building. Therefore, in the section 4, possible solutions for this study 
are described and also necessary information regarding building structure and climatic 
data. [3], [10], [35], [36]  
 
1.3 Social Background  
 
Currently, the worldwide acceptance of mechanical systems for producing comfort 
condition in a space leads to an enormous energy consumption of fossil fuels. This fact 
can drive not only to an exhaustion of energy resources but also to large environmental 
impacts, like increase of CO2 emissions. Many of the researchers unluckily indicate that 
this problem will be continuing. Moreover referring to the HVAC systems, there is a 
rapid rise in the use of them with major feature to compromise the demands correlated 
to a desired thermal temperature for building users. The graph below shows a prediction 
from the International Energy Outlook regarding the prospective building energy 
consumption throughout the next twelve years. [28] 
 
Graph 3: Outlook of building energy consumption. Reference number 3: Perez-
Lombard2008 
[13] 
1.4 Applications concerning present building 
envelopes in Greece 
 
This subsection examines various and the most usual building shells that are used in 
different regions of Greece. According to [21] , many newly built residences mostly 
in Athens follow the principles of bioclimatic design aiming at solar gains, natural 
ventilation and undoubtedly at thermal comfort. Below are represented some 
characteristic examples of Greek sustainable design: 
 
Figure 1: Northwestern façade of a residence in Kifisia, Athens by the architect Lena 
Matziou, Reference number 4 : Mantziou2002 
This building intends to the most optimum orientation both of the overall residence as 
well of the indoor spaces and placement of it on the plot. As bioclimatic techniques, 
the house provides an atrium, solar chimney, shading devices and large southwestern 
openings for the most optimum solar gains. 
 
 
 
 
 
[14] 
 
Figure 2: Residence and architect’s office in Filothei Athens, by the architect Elena 
Stavropoulou , Reference number 5 : Mantziou2002 
The major bioclimatic features of this building complex are the low reflection glass 
coatings, the southwest side sun protection, the natural ventilation and also the ceiling 
skylights. Moreover, for the construction of the external envelope is used exposed 
concrete, red cedar wood and also rusted steel which cover some external surfaces. 
 
Figure 3: Multifamily building in Filothei Athens made by the architect Michalis 
Souvatzidis , Reference number 6 : Mantziou2002 
 
[15] 
This dwelling has South orientation, systems for shading, natural lighting and natural 
ventilation. Also, some methods that were used for passive solar design are green 
roof, greenhouse, trombe walls and proper materials in order to contribute to the 
bioclimatic attitude of the house. 
 
 
2. Aim and objective 
statement 
 
 
A vital scope of this study is firstly to test various materials which can be used for the 
building envelope and how can they influence both on human thermal comfort as well 
on building’s energy performance. Thermal comfort is considerably important as it can 
not only regulate energy consumption and keep it in low levels, but also provide 
thermally satisfactory spaces to the occupants. For this reason, its improvement can be 
achieved if occupants will take control over indoor environment through a proper use 
of HVAC systems. 
 
2.1 Research description  
 
This study concentrates on the principles of sustainable design, the examined building 
will be heated and cooled with passive systems. To be more specific, the present 
research will test, with the contribution of Energy Plus software, a single family house 
in two different regions with various building skins, passive cooling techniques, like 
cool roof & green roof, for Crete, which is a southern island in Greece and also passive 
heating techniques, such as solar wall and application of PCM, in Florina, a northern 
city in Greece. 
[16] 
By comparing all the above solutions, from the simulation results, it will be transparent 
which of all the scenarios will intend to the enhancement of energy output as well as of 
thermal comfort with respect to sustainability. 
 
2.2 Problem Definition 
 
The main challenge of this study is that the examined building should cope with the 
energy efficiency demands and provide a thermally comfortable space for the 
occupants, by means of passive techniques and of an advanced operation of the 
thermostat, both for the city of Florina as well for Crete. Hence, the possible solutions 
stated, regarding various building skins, will be examined analytically through dynamic 
simulation and will be chosen the most proper one with respect to environmental 
performance of the building. 
 
Figure 4: Google Earth 
 
Figure 5: Building modelling 
[17] 
2.3 Research questions  
 
It is inferred that in order to achieve the research purpose, the following questions have 
been raised: 
 
 Q1 : Will the most optimum solutions be effective in a long-time period 
and how can be achieved that ?  
 
 Q2: Will occupant’s consciousness with respect to operational schedule 
of HVAC systems be a determinant factor for optimization of building’s 
energy efficiency? 
 
 
3. Literature Review 
 
In this section is given an in – depth review of what papers have been published which 
are relevant to the existing study and their main features are emphasized.  
1. Firstly, based on the following paper: ‘Energy Performance and Thermal Comfort 
of a High Efficiency House: RhOME for denCity, Winner of Solar Decathlon 
Europe 2014’, is obvious that aims to the design of a sustainable dwelling by taking 
advantage of solar radiation to the full. Remarkable points of this house are that: 
I. uses the right combination of technology and good quality materials so as less 
impact from the building to the environment to be achieved 
II. consists of wood envelope with movable panels 
III. the building envelope materials attain the best control of inside air temperature and 
the reduction of fluctuations in external temperature 
IV. the external walls have thickness of 39.3 cm with ventilated air cavity 
V. uses passive techniques , like thermal mass 
[18] 
 
Figure 6: External wall stratigraphy, Reference number 7: Battista2015 
 
Withal, through summer period the PV panel shades the window, decreasing with this 
way the undesirable solar gains and during winter the window is not shaded by the 
movable panel so as to take advantage of solar radiation and heat up the space.  
 
Figure 7: External view of Rhome den City house, Reference number 8 : Battista2015 
 
Additionally, this study uses TRNSYS and RETScreen in order to size the PV panels 
and also an analysis of thermal comfort has been carried out so as to evaluate the 
ventilation and temperature rates inside the spaces of kitchen, living room and bedroom. 
However, this project fails to achieve adequate levels of air velocity in the bedroom as 
the interior wall in the space acts as an obstacle.  
Some final outcomes concerning this study are that the best airflow rate is based on the 
position of air vent which can considerably enhance thermal comfort in the rooms. Also, 
the large amounts of simulation prove how crucial is the role of walls for the proper 
classification of temperature by means of convection in the examined spaces. 
Summarizing, is proposed further investigation of various wall configurations as future 
work. 
 
[19] 
2. Focused on the article: ‘Effect of dynamic characteristics of building envelope on 
thermal-energy performance in winter conditions’, which constitutes a field 
experiment and also aims to provide an evaluation regarding different envelope 
constructions. This study includes two full – scale buildings, located on the 
Engineering School of University of Perugia, Italy. The exterior wall of the first one 
consists of double brick and thermal insulation in the wall cavity, while the second 
one has external wall and roof insulation. 
 
 Figure 8: Test – Room A & B, Reference number 9 : Pisello2014 
 
The experimental research focuses mainly on:  
I. the comparison between these two test buildings with respect to indoor 
conditions and energy demand for heating degree days. Both of them have 
the same design but different envelope materials as well as technologies. 
II. thermal parameters which can have impact on indoor environment condition 
during winter period – three month winter monitoring 
Therefore, the analysis & evaluation of building’s energy performance is based only on 
winter conditions. 
So, taking into account the results, is inferred that both of them have similar long-term 
indoor air temperature, but have differences in the mean radiant temperature. Unluckily, 
[20] 
there are small disparities between the predicted and in-field measurements regarding 
thermal properties of walls and roof.  
This hourly graph below demonstrates fluctuations in indoor surface temperature of 
roof, north- facing and south-facing walls as well as of indoor relative humidity of the 
two test buildings. The results clearly show the differences in values of indoor RH 
between the two test rooms, as indoor RH of the second test room increases slowly 
when the HVAC system is operated and with considerably fast rates when the 
mechanical systems turn off. This can be justified by the high moisture content in the 
overall envelope of the second one comparing with the theoretical values. 
 
 
Graph 4: Indoor surface temperature & indoor RH in TR-1 and TR-2, Reference 
number 10: Pisello2014 
 
 
3. The article: ‘Passive building energy savings: A review of building envelope 
components’ investigates various building envelope configurations with respect to 
energy efficiency and thermal storage. A miscellany of strategies are demonstrated 
based on advanced technologies for walls, roofs, windows & doors, and also 
thermal insulation materials, pointing out the most recent developments. For 
instance, as developed wall designs which can be applied in order to improve 
building’s energy performance, can be considered passive solar walls, lightweight 
concrete walls and walls with latent heat storage.  
 
[21] 
Also, the most important pioneer types of glazing are shown below: 
 aerogel glazing 
 vacuum glazing 
 switchable reflective glazing 
      While the distinct roof constructions can be classified into: 
 masonry roofs 
 lightweight roofs 
 ventilated roofs 
 vaulted and domed roofs 
 cool roofs 
 green roofs 
 photovoltaic roofs 
 
Additionally, thermal insulation consists a necessary component of building envelope, 
as it can minimize sensibly the energy needs and so can lead to a significant increase 
of building’s energy storage. For this reason, the choice of insulation should be adapted 
from specific criteria. Below diverse types of insulation are shown : 
 
Diagram 1 : Different thermal insulation materials , Reference number 11: 
Sadineni2011 
Furthermore, this paper indicates that these terms can be achieved by means of passive 
energy efficiency strategies and a crucial parameter for the achievement of them is the 
climate. For this reason, is stated that equivalent researches should emphasize to a very 
[22] 
significant extent on location of each case and also to energy modelling software so as 
to take the most accurate results as possible. For instance, application of thermal mass 
as an energy saving proposal would be much more efficient in climates where there will 
be high fluctuations in temperature between the days and nights. 
Taking into account a detailed source of bibliography, this article defines as necessary 
the following requirements: 
 proper orientation 
 energy auditing and periodic maintenance if it is needed 
in order to enhance the energy performance of the building envelope. 
However, is sane to turn to easier and more cost effective solutions of building envelope 
constructions but also integrating these strategies into the given climate, as each 
situation requires different energy saving methods. 
 
4.  The mentioned below study : ‘Experimental research of thermal comfort conditions 
in small test buildings with different types of heating’ has target to investigate in 
detail data concerning thermic convenience condition and energy efficiency of five 
test buildings, equivalent one to each other, with different heating systems located 
in Riga, Latvia taking into account local thermal discomfort factors. 
 
 
Figure 9: Five test buildings, Reference number 12 : Gendelis2015 
 
 
 
[23] 
As is mentioned, air to air heat pumps were installed in each test building and then other 
heating systems so as to evaluate the fluctuations regarding the levels of thermal 
comfort. Graph 5, shows a comparison of PPD indices of all heating systems, where is 
obvious that outside temperature does not have an impact on thermal comfort except 
from the test building which is equipped with air to water heat pump. 
 
 
Graph 5: PPD indices based on the outdoor temperature for all the examined heating 
systems, Reference number 13 : Gendelis2015 
By and large, this kind of research enables the monitoring of thermal comfort conditions 
by analyzing the influence of heating system’s properties and its operations. This fact 
can contribute to the investigation of potential causes of local discomfort and so can 
minimize them. Moreover, as future research is proposed an analysis with different 
heating systems but also with various settings.  
 
5. The objective of the experimental research : ‘Optimization of building envelope 
design for nZEBs in Mediterranean climate: Performance analysis of residential 
case study’ is to point out the best envelope solutions, radiative features of the roof, 
thermal mass and also the most optimized measures for the minimization of heating 
and cooling loads of a building which is located in four different cities of the 
Mediterranean climate: Madrid (Spain), Nice (France), Naples (Italy) and Athens 
(Greece). The results will lead to a proper selection of the best possible measures 
and even to an experimental research concentrating on solutions exclusively for hot 
climate. Moreover, this approach attend the following steps: 
 define aim and objectives 
 define problem constraints 
[24] 
 selection of design variables , simulation software and proper weather 
files 
 run simulations, evaluate the results and select the best fitted design 
variables in terms of lower heating and cooling loads. 
 The following figure indicates the layers of the examined walls, showing its thickness, 
thermal conductivity as well as specific heat and density for each wall. Wall 1 is based 
on interlocking brick with holes which are filled with rock-wool insulation. Wall 2 is 
made of autoclaved cellular concrete likewise Wall 5. Also, Wall 3 is made of cross 
laminated panels suitable for earthquake zones and Wall 4 is also based on interlocking 
brick with holes which are filled with EPS. The last one wall (Wall 6) is a traditional 
brick. 
 
Figure 10:  Description of layers of the tested walls, Reference number 14: 
Ascione2016 
 
Regarding the building description; is a single family house with surface 140 m2. It 
consists of two bedrooms and bathrooms and a living room with an open kitchen. 
Moreover, in order for the thermal loads to be more reliable, this case study divides the 
building into four thermal zones; bathroom, kitchen, bedroom, dining room. 
Summarizing, in Mediterranean cities the attainment of decreased cooling loads can be 
utilized through cool and highly insulated roofs, windows with triple selective systems 
and also shading systems. Other intriguing analysis of this case study referring to the 
integration of phase change materials. The estimated results propose that the adaption 
of melting temperature of 25o C on the internal side allows the reduction of cooling 
demand. By integrating though this solution with the application of another PCM layer 
[25] 
with high melting temperature on the external side of the wall, it will cause a rapid 
decrease of cooling loads. 
 
 
 
6. ‘Review of passive PCM latent heat thermal energy storage systems towards 
buildings’ energy efficiency’, concentrates on how PCMs are used in passive latent 
heat thermal energy storage systems ( LHTES ) and how this method can affect 
building’s energy return. Specifically, some proposals regarding the integration of 
PCMs in construction elements are presented. Withal, various types of PCMs are 
indicated as well techniques which can estimate the thermal properties of these 
materials. Furthermore, studies on dynamic simulation of energy in buildings, 
encompassing PCMs are investigated in detail from software tools like Energy Plus. 
So, this article makes a reference to lightweight and heavyweight buildings giving 
advantage to the first one, as they have lower thermal mass, lower thermal inertia 
and consequently less problems concerning overheating. The building’s performane 
though can indicate differences between buildings with high or low thermal inertia 
and so the behavior of the integration of PCMs can be reflected. PCMs also are 
classified into organic; paraffins and non paraffins, inorganic; hydrated salts and 
eutectic. In order to make the right choice of PCMs, they should compass with the 
proper thermal, physical, kinetic, chemical, economic and also environmental 
properties. Ultimately, this comprehensive review suggests future work so as to find 
the most cost effective measures with phase change materials for each building with 
respect to climatic conditions and also to evaluate the possibility of the PCMs 
towards NZEBs. 
 
7. A review regarding : ‘The application of air layers in building envelopes’ refers to 
air layer involved envelopes (ALIEs) and constitutes a good choice in the modern 
building design and construction. Their main benefit is the enhancement of 
building’s thermal performance. To be more specific, air layers are used as an extra 
insulation layer or even as a ventilation channel. The study is mainly focused on 
inner air layers concerning existing applications and technologies in walls, windows 
[26] 
and roofs .The most characteristic paradigm of this can be the classic and composite 
Trombe wall , which achieves passive cooling, space heating , natural ventilation 
and also fresh air. 
 
Figure 11: Schematic of classic Trombe Wall , Reference number 15 : Zhang2016 
 
Figure 12: Schematic of composite Trombe Wall, Reference number 16 : Zhang2016 
 
Whereas by installing adjustable dampers on the exterior glazing and improving the 
vents so as to be adjustable, the classical Trombe wall can be adapted to different 
climates and seasons, meaning that also in the existing research Trombe wall can be 
used both for Florina and Crete, but in the first case for winter space heating, while in 
the latter for summer ventilation. Beyond that, referring to double skin façade, which 
is a distinct type of exterior building envelope and is constituted of an external façade 
layer, an internal façade layer and an air layer between them. The air ventilation of a 
double – skin façade can be natural, mechanical or even a mixed of them. Owing to 
temperature difference of internal and external facades, natural air ventilation can be 
created in the channel. While, mechanical ventilation provides power machines in 
order to generate airflows. 
[27] 
 
Figure 13:  Schematic of the working modes of double-skin façade: A – inner 
circulation mode; B – supply mode; C – inner circulation mode; D – exhaust mode. , 
Reference number 17 : Zhang2016 
 
Other types of air layer applications in walls can be categorized into: 
 wall- based solar chimney 
 glazed and unglazed transpired solar walls 
 ventilated PV facades 
 vertical greenery walls 
 double layer walls 
 curtain wall constructed by non- glassy materials  
 
Additionally, air layers can be implemented in windows and roofs expect from walls. 
Some air layer applications for windows are the following: 
 multiple pane windows 
 airflow / ventilated windows 
 PV ventilated windows 
Whereas, roof systems constructed with air layers, are the following:  
 double – skin roof 
 roof – based solar chimney 
 roof integrated solar air heater 
 roof integrated PVT system 
 
[28] 
In conclusion, the study classifies the different types of ALIE systems with respect to 
their operation: the enclosed types, the naturally ventilated types, and the 
mechanically ventilated types. Consequently, is apparent that these systems and 
technologies have been raised as they constitute a way of reducing heat gains or losses 
for either space heating or passive cooling. They also can provide many benefits to a 
building, such as improvement of indoor thermal comfort and indoor air quality. It 
goes without saying that this study at the end provides research discrepancies and 
even suggests potential of future research regarding air layer technologies in building 
envelopes. 
 
 
8. An experimental approach regarding : ‘Energy performance analysis of integrating 
building envelopes with nanomaterials’ concerns applied nanomaterial techniques 
for building skin in Egypt, tries to improve energy efficiency and decrease energy 
consumption, taking into account the hot and dry climate of Egypt. Its target is to 
evaluate the thermal behavior of the Nano Thermal Model ( NTM ), estimate the 
heat – transfer rate and more specifically the quantity of heat gain or loss in 
comparison with conventional building envelope materials. Therefore, the results 
show how nanomaterial can enhance the thermal performance of a building in the 
city of Aswan, in Egypt, where there is an increasing need of cooling.  From the 
analysis that was carried out regarding paints, coatings and thermal insulation of 
the building envelope, it came into view that traditional paints in baseline model 
have worse thermal behavior comparing with nano paints in nano model and 
consequently they attribute to an overall low thermal performance. 
 
Baseline model consists of: 
- external layer : traditional paints : 20 mm thick 
- brick masonry layer : 100mm thick 
- thermal insulation layer : polystyrene foam, 50 mm foam 
 
 
 
 
[29] 
However, baseline model [B] has the following layers: 
- external layer : nano paints layer, 30 mm thick 
- brick masonry layer : 250 mm thick 
- internal layer : traditional paints, 30 mm thick 
 
And finally Nano model is constituted by: 
- external layer : nano paints layer, 30 mm thick 
- brick masonry layer : 250 mm thick 
- internal layer : nano paints layer, 30 mm thick 
 
 
 
 
Graph 6: Results regarding heat transfer between Baseline and Nano Model, 
Reference number 18 : Rashwan2013 
 
 
It can be proved from the graph above that nanomaterials which are integrated with the 
envelope of a building can perform the lowest u – values in the nano thermal model in 
contrast to the traditional model and also the thermal lag value of the paints and 
insulation in Nano model was much better comparing to that of the traditional insulation 
materials. 
 
 
9. The following paper: ‘Architectural structure and environmental performance of the 
traditional buildings in Florina, NW Greece’ studies different perspectives of 
[30] 
traditional architecture in the town of Florina, which is located in north- western 
Greece with respect to environment. The study analyzes the bioclimatic aspects of 
forty houses of the 19th and the beginning of 20th century as well the architectural 
standpoints of them, such as building typology, materials and construction 
techniques, while the character of this analysis refers to the thermal performance of 
the building envelope and also thermal and visual comfort conditions. In more 
detail, the climate of Florina is cold continental with cold and humid winters and 
also with warm and dry summers. Regarding the typology of the houses, the 
traditional buildings of Florina are based on three basic features: the private room, 
the open, the closed and the common space.  
Also, the most commonly used building materials for the construction of the traditional 
houses are from local sources. More specifically, the structural wooden elements are 
made of oak or beech, whereas stone walls are constructed with local limestone or slate. 
These natural materials are used properly, attributing high efficiency and even 
resurgence of the bioclimatic operation of the buildings. As far as concerns the 
orientation of the buildings and the openings in the town of Florina, the main façade of 
them is either northern or southern as the main roads are along East and West and are 
parallel to the river that crosses the city. In addition, there have been three main wall 
configurations: a thick stone wall, a thick adobe wall, and a light-weight wall. The high 
thermal inertia wall types were used in the ground floor and was occupied during 
winter, whereas the light-weight wall types were used on the upper floor. By this way, 
the winter living spaces have increased thermal mass and reduced thermal losses due to 
the increased wall thickness and decreased number of openings, while the summer 
living spaces have reduced thermal mass and increased ventilation. 
 
 
Table1: Physical properties of wall constructions in Florina, Reference number 19: 
Oikonomou2011 
 
[31] 
Taking into consideration the analysis, is observable that the traditional architecture of 
Florina is characterized by proper southern or eastern orientation of the buildings and 
by the exploitation of the prevailing winds. It is inferred though that many of the 
buildings take advantage of solar radiation and so passive solar heating can be achieved. 
A vital outcome is that the traditional architecture of the 19th century in Florina refers 
to the proper orientation of the buildings and proper placement of openings so as to 
enhance daylight and natural ventilation when it is required, and also the right 
distribution of thermal mass can provide thermal comfort conditions. Thereafter, by 
achieving these techniques to new buildings or even to a renovation of the existing ones 
sustainability can be developed rapidly. 
 
10. The following article: ‘Thermal performance of a vegetated cladding system on 
facade walls’ aims to evaluate the impact of vegetation on the thermal behavior of 
a vertical greening system. It is a fact that vegetated cladding can reduce sensibly 
indoor temperatures and also delay the transfer of solar heat, and so decreasing the 
cooling loads. Also, vegetation system on wall surfaces can create various 
temperature fluctuations which will may have impact on occupant’s thermal 
comfort especially after sunset. More than that, this study is constituted of two 
experiments which assess the potential of implementing a vertical vegetation cover, 
so as to be exploited for public housing development, and also the thermal 
performance of this vertical greening system on the interior spaces. In particular, 
the first experiment investigates the impacts of watering on vegetation behavior and 
humidity distribution, while the latter one uses vertical green cladding on an 
apartment so as to research its eventual to captivate solar heat.   
 
Figure 14: 1st experiment, vertical green panel. Reference number 20 : Cheng2010 
[32] 
 
Figure 15: 2nd experiment, implementation of green panels at façade wall of an 
apartment. Reference number 21 : Cheng2010 
 
To sum up, this vegetation system can create thermal and visual comfort and also 
reduction of urban heat island. Furthermore, the use of air – conditioning will be 
decreased rapidly leading to cheaper electricity and bills. This system can promote the 
awareness of sustainability through building environment to the new generation. It is 
also vital for a right maintenance of the plant cover, the occupants to take care of it and 
do the necessary obligations, like adequate irrigation, so as to keep it sustainable. 
Finally, this paper examines the potential of damp and suggests the installation of 
moisture sensor at the most proper place, in order to provide an alert. 
 
 
11.  The following research :‘The role of shading devices to improve thermal and visual 
comfort in existing glazed buildings’ focuses on buildings which due to their large 
glazed surfaces potentially create thermal and visual discomfort spaces. For this 
reason, several solutions are proposed such as highly reflective coatings or even 
movable shading devices always on the basis of building location, orientation and 
also the exposure of the glazed surfaces. Explicitly, the paper tests and assesses the 
efficiency of a variety of shading devices in an office building in Southern Italy. 
The building has large glazed surfaces with no overhangs, increasing occupant’s 
thermal discomfort especially in summer period. Accordingly, study’s goal is to 
provide solutions both for the improvement of thermal comfort as well as for the 
preservation of luminance in good levels for the occupants at the indoor spaces, 
taking into account the Italian regulations, concerning installation of shading 
devices, and the costs of each measure. 
[33] 
 
 
Figure 16: three dimensional sketch of the office building: (a) north and east facades 
(b) south and west facades, Reference number 22 : Evola2017 
 
 
 
The selected solutions were:    
- external roller blinds 
- internal venetian blinds 
- external solar control film 
 
 
Graph 7 : Operative Temperatures of selected solutions : (a) western façade (b) southern 
façade , Reference number 23 : Evola2017 
 
The analyses were carried out for different building orientations and the results propose 
that internal blinds should not be used, as they provide very low thermal comfort 
conditions to the occupants in contrast to the external blinds. Moreover, it is proven that 
solar control films have good thermal behavior in all orientations, while external blinds 
are extremely efficient in southern glazed facades but they also have very bad 
performance in west – facing glazed facades comparing with the solar control films. 
[34] 
However, in order to suggest the best possible measure, dynamic simulations are 
required not only for visual but also for thermal comfort. Finally, control techniques for 
cooling systems, such as an advanced operation of set points instead of fixed set points, 
are of outmost importance. 
Summarizing the reference, now it is quite noticeable that a pivotal factor which 
induces building sector is to acquire a more sustainable character, an overall bioclimatic 
attitude in order to provide high energy efficiency with the possible minimum energy 
consumption. Most of the above mentioned techniques can also intend to better indoor 
air quality and as a result to the improvement of thermal comfort conditions. Some 
weak points of the literature that was analyzed above is that many of these studies does 
not evaluate the results with real experimental values. Beyond that, an experimental 
approach should be continuous, in order to fill potential research gaps, and also is 
needed awareness of the newest technologies so as to compass with the developments 
in the building sector. Thus, field experiments are required not only for better and 
accurate results but also for verification of the theoretical values. On the other hand, 
mostly all of the studies reviewed have as common priority occupant’s thermal comfort 
or even visual in terms of economic feasibility and sustainability and so trying to 
achieve that through a variety of proposed measures or solutions. Concentrating on the 
existing study, an extensive part of this research is based on the comparison of methods 
and techniques of the literature and aims to combine findings, suggesting innovative 
materials configurations for the given case studies in distant regions of Greece.  
 
 
 
 
 
 
 
 
 
 
 
[35] 
 
 
4. Data analysis 
 
4.1 Building data 
 
The present case study is a ground-floor single family house with a rectangular shape 
and a net conditioned building area of around 105.00 m2, which is also elongated along 
the east-west axis. It is a single detached house with two bedrooms, one bathroom, one 
wc, one storage room, a kitchen, a living – room and an office room. Based on the 
HVAC systems, in the case of Heraklion, the heating system will be operated endlessly 
in winter period, October till end of April, with constant temperature 160C during night 
and respectively 190C during day, in summertime, June till the end of August, the 
building will be cooled during day with constant temperature 260C. While, in Florina 
the apartment will be heated during day in the constant temperature of 200C and 
respectively 160C during night, from October until the end of April, also during summer 
period the cooling system will be operated throughout the day with constant 
temperature 260C. The following layout is an indicative ground floor plan and may 
occur some variations in the design in the context of the different envelope 
constructions, which are described in the section 4.3 . 
 
 
Figure 17 : Ground Floor Plan 
[36] 
In the other section, diverse envelope constructions will be analyzed and assessed with 
main factors, the occupant’s thermal comfort and also the high energy efficiency of the 
building. Accordingly, the study will test how this building will operate both in the city 
of Florina as well as in the city of Heraklion on Crete Island, with different building 
skins and materials. A leading fact for the selection of these cities is that the first one is 
the northernmost city of Greece while Crete is the southernmost island of Greece, so 
the results and the comparison between them will be intriguing. 
 
 
4.2 Climatic data 
 
The city of Florina is located in north – western Greece and is close to Kozani, Kastoria 
and Pella and belongs to climatic zone D according to Kenak (Latitude = 40,78 , 
Longitude = 21,40). The climate is affected by mountainous volumes and is 
characterized by quotidian differences due to high latitude and the morphology of the 
area. Also, the maximum temperature in January is 4.6 0C while the minimum is equal 
to - 3.5 0C. For more details below, are indicated with graphs and tables, the climatic 
data regarding temperature, humidity, rainfall and wind 
 
Graph 8 
 
[37] 
 
Graph 9 
 
 
 
Graph 10 
 
 
 
[38] 
 
Graph 11 , Reference number 24 :  http://www.hnms.gr/emy/el/ 
 
Crete has Mediterranean climate, with mild and rainy winters, and hot and sunny 
summers. Heraklion is the largest city of Crete and belongs to climatic zone A 
according to Kenak (Latitude = 35,34 , Longitude = 25,18). The minimum temperature 
in January is 9.0 0C whereas the maximum temperature is 15.3 0C and the following 
figures shows the climatic data in Iraklion for temperature, humidity, rainfall and wind. 
 
Graph 12 
 
 
[39] 
 
Graph 13 
 
 
 
Graph 14 
 
 
 
 
 
 
[40] 
 
Graph 15 , Reference number 25 :  http://www.hnms.gr/emy/el/ 
 
 
4.3 Envelope construction 
 
Diverse scenarios have been studied for the two cities, which aim to: 
I. occupant’s thermal comfort 
II. indoor air quality 
III. evaluation of the best passive techniques and materials in order to achieve the 
lowest energy consumption with respect to financial parameters and 
sustainability. 
 
The first three scenarios are based on different wall configurations and how their U – 
values can affect indoor conditions, while the latter fouro9 measures are passive 
techniques which attempt to minimize heating or cooling needs and provide thermal 
cozy environment in the building, reliant on each case. 
 
[41] 
1st scenario refers to external retrospective insulation - brick masonry using mineral 
wool as insulating material, both for Florina & Crete. It constitutes the baseline model 
for the present study and its u- value is equivalent to 0,58 W/m2K. 
 
 
Figure 18 
 
 
 
2nd scenario concerns internal retrospective insulation with exposed concrete both for 
Florina & Crete and its thermal transmittance is equivalent to 0,70 W/m2K. It can be 
considered as a relatively rife wall construction, after brick masonry, especially for the 
big cities of Greece. 
 
Figure 19 
 
[42] 
3rd scenario is a local structure system, natural limestone without insulation, which is 
influenced by vernacular architecture and tests whether the combination of natural and 
local materials can contribute to occupant’s thermic convenience and building’s high 
energy return. It was mainly used during the 50th century and although has really 
positive prospects as wall construction, the fact that is uninsulated gives reasons for the 
higher u-value (3,30 W/m2K) comparing with the mentioned above wall constructions. 
 
Figure 20 
 
4rth scenario is based on the baseline model with the integration of phase change 
material on the inner layers of the exterior walls and of roof. It is used PCM with 
melting point from 23 0C to 27 0C , which can contribute to high energy savings. Also, 
based on the literature the most frequently used types of PCM are organic and 
particularly paraffins.  The application of PCM in a building can be defined as a thermal 
energy storage strategy, which depends on latent heat storage and can attribute to an 
overall decrease of energy consumption [23]. 
 
Figure 21 
[43] 
5th scenario, is a solar wall, which is used as passive heating system and has the 
capability to absorb heat during day in winter period by means of conduction and then 
can slowly release the heat over night. It is an indirect system, in which interior spaces 
are not subjected to the intense glare. For the present study, this technique will be used 
with the combination of night ventilation during summer months (June till August) , so 
as to avoid overheat. Also, glazing on the solar wall’s surface will be aerogel glazing 
system, which can contribute to a huge impact on energy efficiency and due to its low 
u- value the inside temperature of the aerogel glazing is close to the inside air 
temperature, a fact that can improve thermal comfort. Thus, the idea of solar walls 
incorporating with aerogel can reflect not only to thermally comfort conditions in the 
indoor spaces but also to higher energy savings per m2, as reported in the literature [6] 
,[8] , [15]. 
 
 
 
Figure 22 
 
6th scenario constitutes brick masonry with green roof, as a passive cooling technique 
proper for the climate of Crete. Green roofs can diminish noise levels, augment thermal 
insulation properties and notably lower the urban heat island phenomenon [9],[14]. It 
is used an extensive green roof, which consists of the following layers. Also this 
scenario is combined with overhangs for shading in each opening.  
[44] 
 
Figure 23 
 
Ultimately, the last scenario refers to cool roof coating for the city of Heraklion. 
 
 
Figure 24: Reference number 26 :  coolroofs.org 
 
It will be applied an exterior layer of heat reflective paint on the roof with thickness 
equals to 0,2 mm. Regarding literature [30],[39] the most major features which can 
define how effective the cool coating will be are the solar reflectance and thermal 
emittance. Both of them can take values from 0 to 1, with the most efficient the one 
with value equals to 1. It has also the ability to reflect sunlight and cools itself by 
emitting radiation to surroundings. Hence, it decreases the excessive amount of heat 
conducted to the apartment. 
 
 
 
[45] 
4.4 Material Properties 
 
Some of the basic materials that are used in the diverse interventions are plaster, mineral 
wool, concrete, brick, bitumen, mortar, garbilo, ceramic tiles, heat reflective paint, 
PCM, limestone, wood and reeds. Moreover, the following tables demonstrate 
material’s properties used for each case in Energy Plus. Also, based on the different 
climatic zones, the insulation of roof, floor, walls and beams has thickness 0,05 m for 
Crete, while in Florina the insulation is equal to 0,07 m. 
 
Table 2: Material’s Properties 
Materials Plaster Concrete Brick Bitumen Mortar Garbilo Ceramic 
tiles 
Mineral 
wool 
Conductivity(W /mK) 0,87 2,5 0,58 0,23 1,4 0,81 1,84 0,038 
Density kg / m3 1800 2400 1700 1100 2000 1700 2000 100 
Specific Heat J / kgk 1100 1000 1000 1000 1100 1000 840 840 
 
 
Table 3: Material’s Properties 
Materials Limestone reeds Wooden 
beam 
PCM Solar 
absorber 
stucco Gypsum board oak 
Conductivity(W /mK) 1,67 0,045 0,18 0,2 392,61 0,692 0,16 0,17 
Density kg / m3 2500 119 119 860 8906,26 1858,14
2 
640 704 
Specific Heat J / kgk 920 1048 1048 1620 370 836,8 1150 1630 
 
Table 4: Material’s Properties 
Heat Reflective Paint 
Thermal Absorptance 0,19 
Solar Absorptance 0,10 
Visible Absorptance 0 
Solar Reflectance 0,90 
 
[46] 
5. Inputs in Energy Plus 
 
 
Additionally, in order for the simulation to be operated properly, some substantial 
settings should be applied as inputs and also output parameters. Some categories that 
were edited , referring to Building, Site : Location, Schedule Type Limits , Schedule : 
Compact , Material , Window Material : Glazing, Construction, Window Property : 
Frame and Divider Internal Mass, Internal Gains (People , ComfortViewFactor Angles, 
Lights, Electric equipment ) , Zone Infiltration , Zone Ventilation, HVAC Templates 
and Output Variables. 
 
5.1 Inputs regarding thermal comfort parameters  
 
Firstly, in the category Building as solar distribution have been chosen Full 
Interior and Exterior, in order to calculate how much beam radiation is absorbed 
by windows, how much is reflected back into the zone and how much is 
transmitted to the ambient. As maximum number of warm up days is selected 25. 
In Schedule Type Limits category is added an air speed list which takes values 
from 0,05 m/s to 2 m/s based on ASHRAE standard, so as to make a suitable 
schedule for air velocity also clothing insulation list has been created, which lies 
around 0,5 ~ 1. Additionally this category obtains a fraction list ranging from 0 
to 1, needed for schedules which are related to infiltration, ventilation, building 
operating hours, work efficiency and test results and a temperature list hovering 
at about -60 ~ 200, used for heating and cooling schedules. Hence, changes have 
been occurred regarding the inputs of Schedule: Compact, adding information 
about infiltration, ventilation, activity level, building operating hours, work 
efficiency, air velocity, clothing insulation, test results and various thermostat 
schedules for cooling and heating. 
 
[47] 
 
Figure 25 
 
 
Figure 26 
 
Also, concerning the window materials, the glazing system is constituted of an external 
low-e pane (thickness = 6 mm), an airgap and another clear glass with thickness equals 
to 6mm. The thermal transmittance of a double glazing with low-e coating ranges from 
1,7 to 2,2 W/m2 k  and this system can be a net contributor of energy in buildings as it 
has the ability to reflect heat back into the interior spaces and reduce heat losses, as 
shown in the literature. Additionally, aluminum frames are selected with width 
equivalent to 50 mm. 
[48] 
 
Figure 27 
 
 
Figure 28 
 
 
 
 
[49] 
Furthermore, in the context of thermal comfort have been applied necessary 
settings related to internal gains, as these parameters can have impact on the space 
conditions. Fanger thermal comfort model as well the AdaptiveASH55 are chosen 
for the calculations. The type of mean radiant temperature MRT calculation is the 
zone averaged, which expresses an average point in the zone. However, for 
further analysis and for more explicit positioning of a person can be chosen as 
MRT calculation type the angle factors, which is used in the present study for 
simulation and further evaluation later. This type defines the angle factors from a 
person to various surfaces in the thermal zone. Below are indicated tables and a 
figure concentrated on the basic settings for Zone Averaged Calculation Type as 
well on the advanced settings related to the different positions in the thermal zone:  
 
 
 
 
Figure 29 
 
 
 
[50] 
      Table 5: Comfort view factor angles List 
Field Living room Kitchen  Bedroom 1 Bedroom 2 
Surface 1 Floor Floor Floor Floor 
Angle Factor 1 0,75 0,75 0,75 0,75 
Surface 2 South window 3 North window 3 East window 1 South window 1 
Angle Factor 2 0,15 0,15 0,15 0,15 
Surface 3 Roof Roof Roof Roof 
Angle Factor 3 0,10 0,10 0,10 0,10 
       
 Based on Lights & Electric equipment Lists are selected the following: 
 Schedule : Building Operating Hours 
 Design Level Calculation Method : Watts / Area 
 Watts per Zone Floor Area (W/ m2) : - 1 (Lights) 
                                                             - 2 (Electric equipment) 
 
There have also been occurred changes regarding infiltration and ventilation zones, as 
these values are significant for accurate thermal comfort evaluation:  
 Infiltration :  - Design Flow Rate Calculation Method : Air Changes/Hour 
                      -  Air Changes per Hour ( 1/ hr) : 0,5 
 Ventilation :  - Design Flow Rate Calculation Method : Flow / Person 
                      - Flow Rate per Person ( m3 / s person) : 0,0075  
 
 
 
[51] 
 
Figure 30 
 
 
 
 
 
Figure 31 
 
[52] 
Finally, importance was given to output parameters. For this reason, the reports are 
correlated with an envelope, a comfort simple and an adaptive comfort summary. 
Taking into account that the existing study relies on dynamic simulation the reports 
give hourly outcomes. The hourly outputs data are arisen based on July (11-7 till 21-7) 
and November (12-11 till 22-11). Emphasizing that the results should be related to 
thermal comfort, elementary output variables are the following:  
 
 outdoor air temperature 
 relative humidity 
 mean radiant temperature 
 operative temperature 
 surface inside face temperatures 
 sensible heating energy 
 sensible cooling energy 
 windows total transmitted solar radiation energy 
 windows total heat gain energy 
 windows total heat loss energy 
 thermal comfort ASHRAE 55 adaptive model temperature 
 thermal comfort ASHRAE 55 adaptive model 90% acceptability status 
 thermal comfort Fanger model PPD 
 thermal comfort Fanger model PMV 
 
 
 
Figure 32 
 
 
 
[53] 
 
5.2 Inputs regarding the parameters used for the 
different wall constructions  
 
 
To this point, is crucial to state some special configurations which were made 
exclusively for PCM, solar wall and green roof measures. 
Firstly, important buildings inputs require loads convergence tolerance value with the 
value of 0.04, temperature convergence tolerance with 0.40 value and maximum 
number of warmup days are 25. Moreover, a detailed algorithm was selected for both 
inside and outside case (Surface Convection Algorithm: Inside & Outside) , this 
algorithm model will correlate the heat transfer coefficient to the temperature difference 
of diverse orientations. The above settings are the same both for the PCM and solar 
wall scenarios. 
In addition, for the measure regarding integration of PCM , the heat balance algorithm 
that was used was conduction finite difference and was chosen because of its capability 
to control a phase change material. While, for the solar wall was used CTF (Conduction 
Transfer Function) as heat balance algorithm model, as shown in the Literature [23] 
and [27]. 
Some other necessary properties related to the PCM scenario is to define temperatures 
and enthalpies taking into consideration that the melting temperature will be from             
23 0C to 27 0C. The tabular below shows enthalpy data that were used as inputs and are 
required for the simulation: 
 
Table 6: Courtesy of Muruganantham2010 
[54] 
 
 
As far as concerns, solar wall, for the proper simulation, a narrow zone is connected to 
the desired surface through an interzone partition. The depth of the zone is related to 
the size of the air space and it is equal to 0,12 m. Also, the exterior wall of the solar 
wall zone includes a translucent aerogel glazing system, which can improve building 
envelope thermal resistance. For this system, have been added information about 
window material: simple glazing system with u – factor equals to 1,14 W/ m2k and solar 
heat gain coefficient equivalent to 0,70. The aerogel glazing system is constituted by 
the following layers (from outside to inside) : 
 low- emissivity glass pane ( 4mm) 
 krypton gas (12mm) 
 aerogel glazing system ( 14mm) 
 krypton (12mm) 
 clear glass pane (4mm) 
 
Aiming at obtaining low U-values, are required low emissivity coated glass panes and 
more rare gas fillings, as this is most optimal solution based on literature data [15]. 
Beyond that, the combination of overhang, attached to the solar wall zone, and the 
exploitation of night ventilation can contribute to the control of the seasonal sun 
exposure and also avoid overheating. 
Referring to green roof scenario, have been added information regarding Roof 
Irrigation List and Material: Roof Vegetation List as indicated below. Also, the layers 
of green roof construction are described analytically in section 4.3.  
 
 
 
 
[55] 
 
Figure 33 
 
 
Figure 34 
 
 
 
6. Simulation Results 
 
In this section are analyzed the results of simulation that came into view taking into 
consideration the different building envelopes.  
 
 
 
[56] 
Heraklion – Crete 
 
 Graph 16: results from the brick masonry - baseline model regarding hourly zone 
temperatures and PMV indexes for summer period.  
 
 
 
Graph 17: results from the brick masonry -baseline model regarding hourly zone 
temperatures and PMV indexes for winter period. 
 
[57] 
 
Graph 18: results from the concrete masonry model regarding hourly zone 
temperatures and PMV indexes for summer period. 
 
 
 
 
Graph 19: results from the concrete masonry model regarding hourly zone 
temperatures and PMV indexes for winter period. 
 
 
 
 
[58] 
 
Graph 20: results from the local structure system model regarding hourly zone 
temperatures and PMV indexes for summer period. 
 
 
 
 
Graph 21: results from the local structure system model regarding hourly zone 
temperatures and PMV indexes for winter period. 
 
 
[59] 
 
Graph 22: results from the green roof model regarding hourly zone temperatures and 
PMV indexes for summer period. 
 
 
 
 
Graph 23: results from the green roof model regarding hourly zone temperatures and 
PMV indexes for winter period. 
 
 
[60] 
 
Graph 24: results from the cool roof coating model regarding hourly zone 
temperatures and PMV indexes for summer period. 
 
 
 
 
Graph 25: results from the cool roof coating model regarding hourly zone 
temperatures and PMV indexes for winter period. 
 
 
 
[61] 
Florina 
 
Graph 26: results from the brick masonry -baseline model regarding hourly zone 
temperatures and PMV indexes for summer period.  
 
 
Graph 27: results from the brick masonry -baseline model regarding hourly zone 
temperatures and PMV indexes for winter period. 
 
 
 
 
 
[62] 
 
Graph 28: results from the concrete masonry model regarding hourly zone temperatures 
and PMV indexes for summer period. 
 
 
 
 
Graph 29: results from the concrete masonry model regarding hourly zone temperatures 
and PMV indexes for winter period. 
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Graph 30: results from the local structure system model regarding hourly zone 
temperatures and PMV indexes for summer period. 
 
 
Graph 31: results from the local structure system model regarding hourly zone 
temperatures and PMV indexes for winter period. 
 
 
 
[64] 
 
Graph 32: results from the PCM application in the baseline model regarding hourly 
zone temperatures and PMV indexes for summer period. 
 
 
Graph 33: results from the PCM application in the baseline model regarding hourly 
zone temperatures and PMV indexes for winter period. 
 
 
 
[65] 
 
Graph 34: results from the solar wall model regarding hourly zone temperatures and 
PMV indexes for summer period. 
 
 
Graph 35: results from the solar wall model regarding hourly zone temperatures and 
PMV indexes for winter period. 
 
 
 
[66] 
Firstly based on standards, comfort conditions should hover at about the following 
levels: 
 temperature reaches 22oC  and relative humidity fluctuates between 30 and 50% 
during winter months 
 temperature ranges from 25oC to 26 oC and relative humidity between 40 and 
50% during summer months 
 
Starting with the evaluation of the simulation results for the climate of Crete, Heraklion 
the baseline model performs well both in summer, July, and winter, November. In 
particular, the values of operative temperature, mean radiant, mean air and the surface 
temperature of SouthWall1, Southwindow1 and floor can bespeak the levels of thermal 
comfort in the indoor spaces. The resultant temperature lies around 27 oC  ~ 30 oC for 
summer season and 20 oC ~ 23 oC in wintertime Approximately, in the same values are 
orientated the mean air and mean radiant temperature with just one or two units 
difference. Regarding the surface temperature of the south window can reach 33 oC in 
cooling degree days, while in the heating season can fall down to 16 oC. With smaller 
variations, follows the surface temperature of south wall and floor, which range from 
20 oC to 29 oC [Graphs 16 & 17]. Moreover, about the concrete masonry shows 
inconsiderable disparities in the temperature comparing with the first wall 
configuration, which can be justified by the higher u-value of the concrete masonry 
[Graphs 18 & 19]. Apropos of the limestone masonry without insulation, as was 
expected, has been occurred local discomfort inside the apartment especially in 
wintertime [Graphs 20 & 21]. On the other hand, the two last strategies suggest how a 
building can take advantage of the Mediterranean climate and make use of passive 
techniques, necessary for cooling season. The scenario with green roof, attributes to a 
lower operative temperatures in summer and higher in winter, in contrast to the baseline 
model (brick masonry) [Graphs 22 & 23]. However, the cool roof coating, based on the 
results can constitute a comparatively cost-effective technique, which can also keep the 
building to the intended thermal condition [Graphs 24 & 25] .Summarizing focused on 
the ASHRAE thermal sensation scale which takes values between +3 (hot) and -3 
(cold), it is inferred also that the monthly PMV indexes lie around in good levels; with 
maximum value + 1,50 and minimum – 2,0 regarding all the examined scenarios. The 
best PMV indexes are represented on the green roof model which has as a maximum 
[67] 
price + 1,30 and minimum – 1,20 [Table 7] and so can provide sufficient layers of 
thermic coziness to all rooms of the apartment. 
Secondly, with regards to the simulation results for the climate of Florina, is obvious 
that there are fluctuations in contrast to the results of Hrakleion, mostly for winter. 
Concretely, the operative temperature of the brick masonry can reach to 29 oC and fall 
down to 16 oC in heating degree days [Graphs 26 & 27]. A fact that may cause 
uncomfortable hours in the apartment, especially in heating season. As was predictable, 
the second scenario also lies around in similar temperatures [Graphs 28 & 29], while 
the local structure system ranges from 29 oC in summer to 14 oC in winter season 
[Graphs 30 & 31]. Concerning the heating season, it takes the lowest temperatures and 
is inappropriate for cold and humid climates. Additionally, the case with integration of 
phase change material in the inside layer of the brick masonry, indicates positive effects 
both in summer and winter period as far as concerns the operative, mean radiant, mean 
air and the surface temperature [Graphs 32 & 33]. Nevertheless, the last scenario 
displays better performance than the previous wall configurations specially in heating 
season. Solar wall has maximum resultant temperature 28 oC in summer and in winter 
ranges from 18 oC to 20 oC [Graphs 34 & 35]. Furthermore, the combination of aerogel 
glazing contributes to the decrease of excessive solar gains throughout summer period. 
For the case of Florina, the monthly PMV values are between -1,90 and +0,45 and the 
best comfort conditions are accomplished by the solar wall model [Table 8]. 
Therefore, occurs as a result that the primary objective of the study has been achieved 
and some of the wall configurations as well the passive techniques which are used, 
obtain a thermally comfort environment inside the dwelling. 
Also, for a clear insight of the thermal condition in the interior spaces of the apartment, 
different positions inside the examined house have been investigated, reliant on the 
baseline model, in order to evaluate further the thermic comfort levels as well the PMV 
indexes. Specifically, have been tested the thermal state of living room, kitchen and the 
two bedrooms.  
Firstly for the case of Heraklion, is assumed that the larger values of mean radiant 
temperature and so of operative temperature are located close to living room and 
Bedroom2, as both of these rooms are orientated in the south side of the building. Mean 
radiant temperature hovers at about 20,96 oC in January and 29,73 oC in September, 
[68] 
while resultant temperature ranges from 20,99 oC to 29,87 oC. Also, in the kitchen, 
which is on the northern side of the apartment, lower prices are reported comparatively 
to the previous rooms. However, the variations are insignificant. Concerning the 
bedroom1, the average temperature of the surfaces, with which will exchange thermal 
radiation are between 20,72 ~ 29,64 oC and resultant temperature hovers at about 20,87 
and 29,82 oC [Graph 38] . On the other hand, for all the examined spaces, PMV lies 
around -1,30 to + 1,53 [Table 9]. It is shown that taking into account the criteria for 
comfort conditions from standards, most of the values fluctuates in the intended levels. 
Additionally, for the case of Florina the mean radiant temperautre of living room and 
Bedroom2 are between 16,93 oC in January and 26,98 oC in July and operative 
temperature takes value from 17,96 oC to 26,72 oC. The kitchen also in this case has the 
lowest values due to its orientation, while the resultant temperature of bedroom1 
fluctuates between 17,90 oC and 26,76 oC and mean radiant from 16,79 oC to 27,07 oC 
[Graph 39]. Ultimately, the PMV indexes throughout the year are positioned between -
1,60 ~ +0,17, with the largest price in September and the lowest respectively in January 
[Table 10]. 
 
Another parameter that can alter building’s energy performance and also the indoor 
thermic state, is the occupant’s behavior on energy use. For this reason, have been tested 
further models using different thermostats, which are described analytically below : 
 Baseline model as was described previously has the following settings: for 
Heraklion, the heating system will be operated endlessly in winter period, 
October till end of April, with constant temperature 160C during night and 
190C during day, in summertime, June till the end of August, the building will 
be cooled during day with constant temperature 260C. While, in Florina the 
apartment will be heated during day in the constant temperature of 200C and 
160C during night, from October until the end of April, also during summer 
period the cooling system will be operated throughout the day with constant 
temperature 260C. 
 Thermostat 1 : the temperature of the heating system is 18 oC , from October 
until the end of April, for Heraklion and 19 oC for Florina respectively  
thoughtout the day, while the cooling equiment is set at 26 oC from morning 
[69] 
until late in the afternoon for the summer months ( June, July, August) both 
for the two cities.  
 Thermostat 2: for the heating system, the temperature is set at 15 oC from 
morning till afternoon and then until night is 20 oC , whereas the cooling 
equipment is operated only during noon for summer months, for the two cities. 
 
It is proven that the large alterations of the temperature especially for space heating 
during day can redound to a rapid increase of heating loads, without though ensuring 
the intended comfort levels [Graphs 40 & 41].Whereas when the temperature is 
constant during the day and only rises two or three degrees up, it will provide better 
temperature distribution, reduction on energy consumption and an indoor thermally 
cozy environment. Additionally, it can be deduced that the impact on the heating energy 
demand when the winter set temperature is changed, is much more significant than the 
impact on the cooling energy demand, when the summer set temperature is changed, 
particularly for Florina. The tables [11] and [12] show the annual loads and PMV 
indexes regarding the different thermostats for each city. It is essential so for occupants 
to acquire a right consciousness, in order to make a proper use of the HVAC systems. 
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7. Discussion & Conclusions  
 
Summarizing thermal comfort arguably forms a considerably substantive parameter 
which can redound to the right operation of residential, commercial and also public 
buildings and constitutes a subjective size of building’s physics.  
The most perceptible outcomes of the dynamic simulation are that: 
 The operative temperature can be a useful thermal comfort indicator and has a 
proportional relationship with PMV. 
 The PMV curve is affected by the temperature variation more than any other 
factors. 
 The results are approximate based on ASHRAE standards for clothing 
insulation, activity level, and air velocity values.   
Therefore, the study has presented an extensive overview and analysis of discrete 
envelope constructions and how they can influence indoor condition and so human’s 
comfort, reliant on thermic convenience factors, such as temperatures, air velocity, solar 
radiation, clothing insulation, RH and activity level of occupants. It also proposes some 
passive techniques which aiming at both enhancing building’s energy efficiency as well 
achieving desirable levels of thermal comfort in the indoor spaces of the apartment not 
only for cold and humid climates (Florina, Western Macedonia) but also for hot 
climates (Heraklion, Crete). This analysis was carried out with Energy Plus software 
(version 8.8) using dynamic simulation tools. As baseline model is defined the brick 
masonry with external retrospective insulation and then other wall constructions are 
tested, showing an insight of their influence on occupant’s thermic convenience and on 
the overall building’s performance. Later, the study investigates exclusively strategies 
for each city, taken into account the climate and so their latitude and longitude, 
suggesting passive heating techniques for Florina such as thermal mass and storage 
(phase change material, solar wall) and cooling techniques for Heraklion likewise, 
green roof or even cool roof coating. 
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However, the most weighted factor in decision making was also the economic 
feasibility of all examined scenarios. Based on this fact, right choices can be considered 
the green roof for the city of Heraklion, as in contrast to baseline model and cool roof 
coating, attributes to higher efficiency as well decreased energy loads, with annual 
heating energy = 3,05 kWh and annual cooling energy = 1.793,7 kWh [Graph 36], 
improves indoor air quality, and thermal comfort is in the intended levels [Table 7]. It 
may constitute more expensive solution than cool roof coating but it will save money 
through the passing of time. While for Florina, the integration of phase change material 
on the inner layers of the exterior walls can be a desired solution compared with solar 
wall, as is more easily to construct and maintain without altering the façade walls, 
which can also redound to less costs. Also, this technique reduces energy consumption 
both for heating as well for cooling season (annual heating & cooling energy = 4.783,67 
and 1.129,30 kWh respectively) [Graph 37] provides a pleasant environment inside the 
apartment [Table 8] and can be also suggested in a case of retrofitting. Thereafter, is 
proven too that the findings of this study come on agreement with the literature data. 
Throughout this research, is also inferred that the right construction of the building and 
the proper selection of the building envelope components, can redound to less thermal 
bridges and to the exploitation of solar gains to the full, and finally the surrounding 
environment, as for instance vegetation, can improve indoor air quality and so enhance 
the well-being of occupants. Focusing as well on the energy efficiency fact, is known 
that the climatic characteristics of Greece should be exploited by means of sustainable 
design and renewable energy sources and with right combinations of parameters, 
building’s energy performance can be optimized at full blast. 
In conclusion, because the present study lies around the discipline of Energy Building 
Design, is crucial to point out that in the era where the disaster of the environment is 
rapid, we have to show another path and so making ecology a way of life by promoting 
biophilic design, which expresses the innate and subconscious tendency of humans to 
be reconnected to nature [24]. 
As future work can be defined the potential of test building in order to investigate the 
real life performance of these techniques, compare and also validate the monitored 
values with the values obtained from the Energy Plus simulation. Withal, nowadays 
where there is an intense augmentation of innovative materials and technologies, 
[72] 
additional mixtures of wall configurations can be proposed, so as to find the best 
possible. Moreover, thermal comfort models can be used in control strategies for indoor 
spaces, because the use of intelligent systems likewise Artificial Neutral Networks 
(ANNs), can produce more pleasant environments in buildings. In particular, prediction 
of air temperature and PMV indicators is a key asset to evolve intelligent building 
control in future energy management systems [17], [22]. Finally, the generation of a 
sophisticated thermal comfort model relied on the gender, age weight and real-time 
activity changes can influence the accuracy of the results. Hence, this study opens the 
door for other researchers to evaluate these. 
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Graph 36: Annual results of energy consumption for the city of Heraklion 
 
 
 
Graph 37: Annual results of energy consumption for the city of Florina 
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Graph 38: Monthly results of the temperatures & PMV with different view factors for 
Heraklion 
 
 
 
 
Graph 39: Monthly results of the temperatures & PMV with different view factors for 
Florina 
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Graph 40: Monthly results with different thermostats for Heraklion 
 
 
 
Graph 41: Monthly results with different thermostats for Florina 
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Table 7:  Annual Results for Heraklion 
Heraklion 
Scenarios Heating 
energy 
[kWh] 
Cooling energy 
[kWh] 
T. Oper 
0C 
PMV 
Brick masonry 14,23 2.165,23 25,16 - 0,1 
Concrete masonry 50,27 2.172,84 25,09 - 0,1 
Limestone masonry 
without insulation 
499,44 1.880,81 23,80 - 0,5 
Green roof  3,05 1.793,70 25,20 - 0,1 
Cool roof coating 16,99 1.780,09 24,81 - 0,2 
 
 
 
Table 8: Annual Results for Florina 
Florina 
Scenarios Heating 
energy 
[kWh] 
Cooling energy 
[kWh] 
T. Oper 
0C 
PMV 
Brick masonry 5.077,43 1.133,11 22,50 - 0,8 
Concrete masonry 5.268,85 1.146,34 22,52 - 0,7 
Limestone masonry 
without insulation 
11.324,42 739,17 21,22 - 1,1 
Brick masonry with PCM 4.783,67 1.129,30 22,55 - 0,8 
Solar wall 4.592,62 1.156,61 22,71 - 0,7 
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Table 9: Different view factors within the thermal zone - Heraklion 
Positions T. Mean Air  
0C 
MRT  0C 
 
T. Oper 0C PMV 
Living room 25,16 25,13 25,14 - 0,1 
Bedroom 1 25,16 25,05 25,10 - 0,1 
Bedroom 2 25,16 25,13 25,14 - 0,1 
Kitchen 25,16 24,91 25,03 - 0,1 
 
 
 
 
 
Table 10: Different view factors within the thermal zone – Florina 
Positions T. Mean Air  
0C 
MRT  0C 
 
T. Oper 0C PMV 
Living room 22,34 21,94 22,14 - 0,8 
Bedroom 1 22,34 21,88 22,11 -0,8 
Bedroom 2 22,34 21,95 22,14 -0,8 
Kitchen 22,34 21,72 22,03 -0,8 
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Table 11: Annual energy loads and PMV indexes using different thermostats – 
Heraklion  
Heraklion 
Scenarios Heating Energy 
[kWh] 
Cooling Energy 
[kWh] 
PMV 
Baseline model 14,23 2.165,23 - 0,1 
Thermostat1 
model 
9,75 2.793,44 -0,2 
Thermostat2 
model 
0,72 1.141,94 0,16 
 
 
 
Table 12: Annual energy loads and PMV indexes using different thermostats – Florina 
Florina 
Scenarios Heating Energy 
[kWh] 
Cooling Energy 
[kWh] 
PMV 
Baseline model 5.077,43  1.133,11  - 0,8 
Thermostat1 
model 
6.157,56 1.446,27 -0,8 
Thermostat2 
model 
4.135,88 556,59 - 1,0 
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10. Nomenclature 
 
RH  Relative Humidity, 0C 
U - Value Thermal transmittance, W/m2k 
MRT Mean Radiant temperature , 0C 
T. Oper Operative / Resultant temperature 0C 
T. Mean air Mean air temperature within the thermal zone , 0C 
PMV Predicted Mean Vote , thermal comfort indicator 
 
